Introduction
============

The term whiplash describes a hyperextension-flexion injury to the neck. The incidence in Sweden is about 1--2 per 1 000 inhabitants, mostly from traffic injuries but also from other traumas such as falls.^[@bib1]^ Although most individuals recover from an acute whiplash injury,^[@bib2]^ a substantial number of individuals will develop chronic symptoms^[@bib3]^ embraced in the term whiplash-associated disorders (WADs). The most common signs and symptoms after whiplash injury are neck pain, impaired neck movements and headaches.^[@bib2],[@bib4]^ A range of other symptoms such as vertigo, disturbances in memory, concentration, sleep, hearing and vision functions are also reported.^[@bib4],[@bib5],[@bib6]^ In addition, widespread sensory disturbances have been reported in both acute and chronic WAD.^[@bib7],[@bib8],[@bib9]^

Studies in animals and humans show a close anatomical and biomechanical relationship between the jaw and neck regions, which suggests a functional linkage between the jaw-face and craniocervical sensorimotor systems.^[@bib10]^ As jaw function rely on linked motor control of the jaw and neck motor systems, pain and dysfunction in the neck may impair jaw function.^[@bib11]^ In chronic WAD, an association has been shown between pain and dysfunction of the neck and disturbed jaw motor function. The findings include reduced amplitude for both lower jaw and head--neck movements, disturbed coordination of jaw and head--neck movements,^[@bib12],[@bib13]^ pain and reduced endurance during chewing.^[@bib14],[@bib15]^

All these observations indicate an important sensorimotor integration between the jaw and neck. Although earlier studies concerning putative trigeminal sensory impairment in WAD are sparse, it has been suggested that trigeminal sensory impairment can follow whiplash injury.^[@bib16]^ This indicates that impairment of temperature sensibility in the trigeminal skin area can be a sign of damage to the central trigeminal system. In line with this notion, it has been proposed that systematic analysis of sensory nerve function can aid in diagnosis and provide accurate follow-up.^[@bib17]^ At such evaluations, quantitative sensory testing (QST) is a widely accepted method for thin fibre evaluation of functional disturbances in afferent small fibre sensory systems and a methods-of-limits strategy is often used. High short- and long-term reproducibility and reliability show that this is a feasible method for thermal QST.^[@bib18]^ Thus, QST is an accepted method for evaluating functional disturbances in thin afferent peripheral nerves and has been reported to be a reliable method for use also within the orofacial area.^[@bib19]^ However, an adequate performance of QST requires good insight in psychophysical testing and hence, is not apt for widespread use as chair-side assessment in clinical routine examinations. Hence, putative alternative qualitative methods for testing have to be searched for.

The aim of the present study was to investigate whether any signs of thermal sensory impairment could be observed in patients with chronic WAD, by analysing the thermal detection thresholds in facial skin either with a qualitative method or by QST.

Materials and methods
=====================

Subjects
--------

Ten women with pain and dysfunction following a whiplash injury were compared to 10 healthy age-matched women. The WAD patients had been referred to the Department of Clinical Oral Physiology, Umeå University Hospital, Sweden, for assessment and management of jaw and neck pain and dysfunction that had developed following head--neck trauma, mostly in motor vehicle accidents, and had lasted more than 6 months. They had been diagnosed and classified by physicians as WAD class II or III according to the Quebec classification,^[@bib2]^ in which grade I denotes neck pain, grade II neck pain with musculoskeletal signs, grade III neck pain with neurological signs and grade IV neck pain with fracture. Exclusion criteria for the healthy subjects were history of neck trauma and joint and/or general muscle diseases. All participants gave informed consent according to the World Medical Association\'s declaration of Helsinki. The Ethics committee of the University of Umeå approved the investigation.

Test procedure
--------------

All participants were evaluated, in random order and by two different examiners, with both a clinical qualitative assessment and a quantitative thermal test. The clinical examiner was blinded to the QST results, and *vice versa*. Seven test sites in the facial skin (bilaterally overlying each trigeminal branch, and also the midpoint of the chin) were examined ([Figure 1](#fig1){ref-type="fig"}). The sequences of the test sites were randomly selected for each subject. All tests were performed with the subjects comfortably seated in a reclined position in a quiet room.

For the qualitative assessment a cold (room tempered) and warm (45 °C) metal spatula was applied to the facial skin. Each application was repeated three times for each modality at each test site. The subjects were asked for perception of warm and cold and were instructed to report side differences and any paradoxal sensations for example pain, hypersensitivity or discomfort.

For the QST, thermal detection thresholds (cold and warm) were assessed according to the method-of-limits (Thermotest® Somedic AB, Hörby, Sweden) using an 18 mm×18 mm probe of Peltier element. Each location was tested with a series of 10 stimuli, starting from an adapted skin temperature of 32 °C, with a warm/cold change in temperature of ±0.5 °C⋅s^−1^ and a return speed of 1 °C⋅s^−1^. Subjects were instructed to immediately report the perception of a hot or cold sensation by pressing a handheld electrical switch. This caused a readout of the prevailing probe temperature and returned the temperature back to the start temperature of 32 °C. Between each temperature stimuli, there was a randomly selected interval of 3--5 s. The thresholds (cold and warm) for each location were defined as the means of the recorded ten individual thresholds in the sequence. Details of experimental set-up have been given previously.^[@bib18]^

Statistical analysis
--------------------

Median, minimum and maximum values were used for descriptive statistics. Differences between test locations and between the WAD group and the healthy group were tested with two-tailed Wilcoxon matched-pairs test and Mann--Whitney *U* test, respectively, with a probability level of 0.05.

Results
=======

Qualitative assessment
----------------------

The clinical assessment demonstrated both reduced and increased thermal sensitivity in the WAD group, whereas almost no sensory disturbances were found for healthy ([Table 1](#tbl1){ref-type="table"}). There were no significant differences in median values between the groups. Some WAD individuals also reported paradoxical sensations such as spreading of sensation (subjects Nos. 5 and 9), numbness (No. 5), a slight burning sensation (No. 7), or a combination of numbness and burning (No. 9). Many of the WAD subjects also reported a lingering sensation after the stimuli (Nos. 4, 5, 7, 8 and 9).

QST (Thermotest)
----------------

There were no significant intra-individual side-to-side differences for the whiplash and healthy groups. Therefore, the data from the left and right sides were pooled, and mean values for the bilateral sites calculated for each individual.

There was large inter-individual variability in thermal detection thresholds. Generally, the forehead location showed higher variability compared to other sites, and when tested for heat, also a higher temperature threshold. The relative detection threshold values were generally lower for cold stimuli than for warm stimuli.

Compared to healthy, the WAD patients showed higher detection thresholds (i.e., reduced sensitivity) for both cold and warm stimuli ([Figure 2](#fig2){ref-type="fig"}). These differences were significant for the cheek and chin sites, but not for the forehead.

For the WAD individuals who were assessed as having increased sensitivity in the qualitative examination, the QST displayed either normal or higher thresholds, i.e., reduced sensitivity. In the WAD group, the QST triggered a wide range of paradoxical sensations such as stabbing, pain, numbness and tingling (No. 9), cold sensation when tested for heat (No. 4) and spread of sensation (No. 8).

Discussion
==========

The present study investigated thermal detection thresholds in facial skin in chronic WAD patients and healthy with both a qualitative method and QST. The main findings were that for the WAD patients, the qualitative assessment demonstrated both reduced and increased sensitivity, whereas the QST showed normal or higher thermal detection thresholds (i.e., decreased sensitivity) for both cold and warm stimuli.

The data collection for the present study was carried out before new guidelines for QST assessment for orofacial pain were published.^[@bib20]^ However, the methodology we used both for the clinical chair-side assessment and the QST, are in line with these recommendations for assessment of thermal thresholds in facial skin. It is generally accepted that a qualitative examination by a clinical chair-side assessment should be used as a screening tool rather than to determine the degree of sensory disturbances. At group level, the present study did not show any differences between healthy and patients with the qualitative assessment, although both increased and decreased temperature sensitivity was observed for individual patients.

The quantitatively assessed absolute values of thermal detection thresholds in the present study were generally higher than previously reported. Partly, this may be caused by differences in probe size between studies. For the QST, we used a small probe (less than 4 cm area), which is in accordance with the guidelines,^[@bib20]^ whereas previous investigations in patients with WAD were done with a larger probe.^[@bib16],[@bib21]^ A smaller sized probe has been deemed more suitable for the trigeminal area in order to assess the individual branches of the trigeminal nerve, as well as to avoid spatial summation. Also age may be a cause for differences as previously a lower age of subjects was reported,^[@bib19]^ and an increase in thermal perception thresholds in facial skin with age has been demonstrated.^[@bib22],[@bib23]^ The use of an extra-trigeminal reference site is also recommended by the guidelines,^[@bib20]^ which was not used neither in our, nor in previous studies of WAD patients.^[@bib16],[@bib21]^ Such a rationale is therefore recommended for future studies, as trigeminal sensory disturbances in WAD patients indeed may be part of a widespread phenomenon, in analogy with jaw pain in WAD being part of a widespread pain syndrome.^[@bib24]^ In patients with localized jaw pain and dysfunction, temporomandibular disorders, thermal pain thresholds, but not detection thresholds, were reported to differ from healthy subjects in trigeminal and extra-trigeminal regions.^[@bib25]^

With regard to the QST, there was generally large inter-individual variability in temperature thresholds, and more so in the patient group and for the first trigeminal branch. This is in accordance with previous reports both in WAD patients,^[@bib16]^ and in healthy subjects.^[@bib26]^ Generally, this variability was more pronounced for heat detection thresholds, which is also in line with the earlier reports. The higher variability in thresholds for the first trigeminal branch may be related to the lower density of thermal receptors in this area of facial skin, compared to the higher density nearer the orofacial cavity. In analogy, the higher temperature thresholds observed at the forehead in the present study, more evident when tested for heat, would corroborate this notion*.*

At QST, the WAD patients generally had higher thresholds to both cold and warm stimuli, compared to the gender- and age-matched group with healthy individuals. The generally decreased thermal sensitivity in these patients indicates interference to thermal detection capacity induced by pain. An important methodological aspect to be kept in mind when considering the QST findings is that the test is of psychophysical nature. Thus, the result is affected by the functional state in all of the constituting components, from the peripheral receptors over the afferent fibres and the ascending pathways to the central evaluating processes. Although the increased sensitivity found at the qualitative assessment could reflect a tendency for thermal receptors to activate pain pathways or for a sensitization of nociceptors, the increased sensitivity and the paradoxical sensations might equally well reflect a tendency for increased central sensitisation, parallelling that which can be seen in conditions with spinal segmental upregulation. However, the fact that most pathological findings were bilateral, indicates that the pathophysiological mechanism is less likely to be a peripherally located injury, but rather corresponds to functional changes located in more centrally located structures than the brainstem or the upper spinal cord.

Interestingly, in WAD patients, thermal thresholds are increased, while hypersensitivity to pain is present. It has been suggested that the ongoing nociception may induce central inhibitory mechanisms, which could reduce the thermal sensitivity.^[@bib27]^ Also, a relationship between sensory disturbances and symptoms related to the central nervous system (face pain and numbness, dizziness, sensitivity to light and/or sound, memory and concentration problems) has been reported in WAD patients.^[@bib21]^

In the present study, all WAD patients showed sensory disturbances and presented with jaw pain. Jaw pain can be part of the overall spectrum of symptoms in WAD^[@bib28],[@bib29],[@bib30]^ and some patients also report pain during eating and chewing.^[@bib14],[@bib15]^ Furthermore, it has also been reported in chronic WAD that this jaw pain can be frequent and combined with symptoms of numbness in the jaw-face region,^[@bib31]^ which might indicate a disturbed trigeminal sensory nerve function. This also corroborates previous findings of a correlation between increased trigeminal thermal thresholds and pain and numbness in the face,^[@bib21]^ although no correlation to the intensity of neck pain was found. Furthermore, results from experimental studies support the existence of intersegmental nociceptive connections between the cervical spine and the trigeminal nuclei^[@bib32]^ and there is support in experimental^[@bib33]^ as well as clinical^[@bib34]^ studies for overlapping spread and referral of muscle pain between the cervical and trigeminal regions.

Conclusions
===========

The finding of increased thresholds in facial skin following whiplash injury is concordant with both the findings of jaw pain and disturbed jaw function after neck injury, as well as with the reports of neural connections between the central sensory systems of the two body regions. The present findings also further underline the sensory-motor integration between the jaw and neck regions. Finally, the results indicate that simplified clinical rationales for testing of the facial thermal discrimination capacity, and hence, the state of important components of the trigeminal small fibre modalities, may not be sufficient for accurate descriptions of the sensory function in patients suffering from head--neck pain of different origins.
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![**Seven test sites in the facial skin overlying each trigeminal branch were examined.** Forehead (1, 2), cheek (3, 4), chin (5, 6) and the midpoint of the chin (7).](ijos201342f1){#fig1}

![**Thermal cold and warm detection thresholds at the different test sites, for healthy (unfilled) and WAD (hatched) subjects in relation to the baseline temperature of 32 °C.** (**a**) Cold perception thresholds. (**b**) Warm perception thresholds. Numbers besides outliers refer to subjects\' numbers as given in [Table 1](#tbl1){ref-type="table"}. WAD, whiplash-associated disorder.](ijos201342f2){#fig2}

###### Qualitative assessment of thermal thresholds to cold and warm for healthy (*n*=10) and WAD (*n*=10) subjects for the different test sites. Order of subjects arranged in relation to sensory disturbances

             Cold   Warm                                                                 
  --------- ------ ------ ----- ----- ----- ----- ---- ----- ----- ----- ----- --- ----- ----
  Healthy                                                                                  
  1                                                                                        
  2                                                                                        
  3                                                                                        
  4                                                                                        
  5                                                                                        
  6                                                                                        
  7                                                                                        
  8                                                                                        
  9                                                                                        
  10                                                                (+)   (+)              
  WAD                                                                                      
  1                                    (−)                                                 
  2          (−)           (−)                          (−)                                
  3                 − −          − −         − −              (−)         (−)       (−)    
  4           −             −           −                −           −          −          
  5                  −            −           −    −           −           −         −     
  6                                                \+                                     \+
  7                 (+)    \+                                                       \+     
  8                  \+          \+          \+               \+          \+        \+     
  9                  \+          \+          ++         − −   − −         \+        \+     
  10                 ++          ++          ++               ++          ++               

WAD, whiplash-associated disorder.

(−): slightly reduced temperature sensitivity; (+): slightly increased temperature sensitivity; −: reduced temperature sensitivity; +: increased temperature sensitivity; − −: absence of temperature sensation; ++: markedly increased temperature sensitivity.
